These cells synthesize insulin, and in one subclone (T15) the insulin content is 0.26% of the total cell protein (the insulin content of normal hamster islets is 5.6%). Moreover, glucose and glucagon stimulate insulin release from these cells. Since HIT cells possess most of the differentiated functions of the beta cell, they represent a model for studying the regulation of insulin biosynthesis and secretion. Knowledge of the structure of Syrian hamster preproinsulin and its gene would be useful for these analyses.
S anterre et al. 1 have recently established and characterized a beta cell line (HIT) obtained by simian virus 40 transformation of Syrian hamster islets. These cells synthesize insulin, and in one subclone (T15) the insulin content is 0.26% of the total cell protein (the insulin content of normal hamster islets is 5.6%). Moreover, glucose and glucagon stimulate insulin release from these cells. Since HIT cells possess most of the differentiated functions of the beta cell, they represent a model for studying the regulation of insulin biosynthesis and secretion. Knowledge of the structure of Syrian hamster preproinsulin and its gene would be useful for these analyses.
We report here the cloning and complete nucleotide sequence of mRNA coding for Syrian hamster preproinsulin and the predicted amino acid sequence of this protein. In addition, we have examined the organization of the insulin gene by hybridization to restriction endonuclease digests of hamster DNA.
MATERIALS AND METHODS
The construction of the Syrian hamster (Mesocricetus auratus) islet cDNA library has been described previously. 2 Five hundred colonies were grown in arrays on Whatman 541 paper (Whatman, Clifton, New Jersey) and, after amplification of the plasmid DNA in situ, 3 were screened for those encoding insulin by cross-hybridization with a 32 P-labeled DNA segment containing the human insulin gene and flanking sequences as previously described. 4 The sequences of the inserts were determined by the procedures of Maxam and Gilbert 5 and Sanger et al. 6 from the unique Hae II and Pst I sites in the insulin cDNA clones. The majority of the sequence was determined from only one strand; however, two independently isolated clones were sequenced. No potential sequencing artifacts were observed.
Genomic DNA was prepared from HIT-T15 cells, 1 digested with restriction endonucleases, blotted, and hybridized with 32 P-labeled pshil as described previously.
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RESULTS AND DISCUSSION
Twenty of the 500 colonies analyzed hybridized with the human insulin gene probe. DNA was prepared from two of these (pshil and 2), and the inserts of both were completely sequenced ( Figure 1 ). The sequence of pshil extended from nucleotide 1 to the polyadenylation site. The sequence of pshi2 was identical to pshil and extended from nucleotides 1 to 440; this clone lacked the poly A tract and the four preceding bases. The predicted amino acid sequence of hamster preproinsulin is also indicated in Figure 1 the hamster sequence is the Gly (residue C-1) following the Arg Arg at the B-chain C-peptide boundary. (Although only one of the DNA strands was sequenced in this region, the sequence was clear and identical in two independently isolated recombinants, pshil and 2.) In 15 other vertebrate Cpeptides that have been sequenced, 8 this residue is either Glu or Asp. The significance of this difference, if any, is unknown.
Since the sequence of the 5'-end of the hamster cDNA clone is similar to the 5'-terminal sequences of other mammalian insulin mRNAs 812 (Figure 2) , it probably contains the entire 5'-untranslated region of the mRNA and is 57 bases. This comparison also indicates that sections of the 5'-untranslated region are remarkedly conserved between rodents, primates, and dogs, and furthermore, that this region is evolving by a process of small deletions/insertions and point mutations. Moreover, many of the substitutions are transitions, i.e., purine-> purine or pyrimidine^ pyrimidine changes. The homology in the 5'-untranslated region based on this alignment is also indicated. It is tempting to speculate that the sequence conservation in the 5'-untranslated region of insulin mRNA may indicate a role for this region in glucosemediated regulation of translation.
13~15 The 3'-untranslated region of hamster insulin mRNA is 57 bases and possesses little identity with the corresponding 76-base human segment, except in the region between the AAUAAA and the -18,000 bp -7000 -4,400 -3,400 
-1,200
poly A tract. The overall identity between human and hamster insulin mRNA is 73.1%; however, the identity is greater (81.5%) if the 5'-and 3'-untranslated regions are excluded from the comparison. There is 90.0% amino acid sequence identity between Syrian hamster and rat II preproinsulin, and 88.3% nucleotide sequence identity between their mRNAs.
Laboratory rats and mice have at least two nonallelic insulin genes and synthesize two preproinsulin molecules that differ in sequence. 91016 In contrast, molecular cloning has shown that human beings, 11 dogs, 8 and chickens 17 have a single insulin gene. The organization of the Syrian hamster insulin gene was examined by the blotting procedure of Southern.
18 DNA from HIT-T15 cells was digested with EcoRI, Bam HI, Hind III, Pst I, Pvu II, and Sst I and the sizes of the hybridizing fragments determined. Except for Pst I, which is expected to cleave in the 3'-untranslated region of the gene, the recognition sites of these enzymes are not present in the coding (i.e., mRNA) portion of the gene. Each enzyme generated at least two hybridizing bands (Figure 3 ). However, in most cases, one of the hybridizing fragments was only observed upon prolonged exposure. This could result if there are sites for these enzymes within the intervening sequence (Intron A), which interrupts the 5'-untranslated region of all insulin genes examined to date. Since the coding region present in a restriction fragment containing only exon 1 is probably less than 50 base pairs (bp), its hybridization intensity would be substantially reduced when compared with a restriction fragment containing the remainder of the gene. The pattern observed with Pvu II digestion ( Figure 3, lane 3) could result from the presence of a Pvu II site in each of the two introns that interrupt most insulin genes. The simplicity of the hybridization patterns compared with those observed on digestion of rat or mouse DNA 91016 suggests that there is only a single insulin gene in HIT-T15 cells and presumably in the Syrian hamster. However, its cloning will be necessary to unambiguously establish this.
HIT cells provide a model for studying the regulation of insulin biosynthesis. The cloning and characterization of Syrian hamster preproinsulin mRNA and protein provide valuable structural information about the mRNA and protein. In addition, the cDNA clone can be used as a probe in future studies. Since there is probably only a single insulin gene in the Syrian hamster, the regulation of insulin biosynthesis in HIT cells may be similar to that in human beta cells, in contrast to isolated islets or cultured beta cells obtained from rats.
